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Abstract 


The  Best  Buy  program  is  a  U.S.  Navy  development  effort  with  the  objective  of 
gim  laimching  a  5-in  (127-mm)  diameter,  rocket-assisted,  guided  projectile  to  a 
range  of  100  nautical  miles  (184  km)  where  the  cargo  will  be  dispensed  over  tihe 
target  area.  It  is  fired  from  the  Mark  45  cannon  or  its  improved  variant.  The 
cargo  consists  of  143  U.S.  Army  M-80  grenades.  The  intended  target  set  is 
identical  to  that  of  the  Army's  M483  and  M864  155-mm  projectiles.  The  Best  Buy 
projectile's  mission  is  to  replace  the  need  for  the  U.S.  Navy  to  emplace  U.S. 
Marine  towed  artillery  assets  ashore  in  an  amphibious  assatdt.  The  minimum 
requirements  for  the  Best  Buy  projectile  are  that  it  must  be  fired  from  25  nautical 
miles  (46  km)  offshore  to  reach  targets  inland  by  an  additional  25  nautical  miles. 
In  anticipation  of  future  range  requirements,  the  range  requirement  was 
extended  to  63  nautical  miles  (116  km),  and  100  nautical  miles  (240  km)  is 
desired.  This  report  covers  Phase  1  of  the  warhead  development  program 
performed  by  the  U.S.  Army  Research  Laboratory  (ARL)  working  in  cooperation 
with  the  Naval  Surface  Warfare  Center,  Dahlgren  Division  (NSWC-DD)  at 
Dahlgren,  VA. 
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1.  Introduction 


From  1990  to  1996,  the  U.S.  Army  Research  Laboratory  (ARL)  investigated  the 
use  of  polymer  composite  materials  for  increased  capacity  artillery  projectile 
shells  under  the  High  Capacity  Artillery  Projectile  (HICAP)  program.  HICAP  is 
a  concept  155-mm  cannon-launched  artillery  projectile  (Figure  1)  that  can  carry 
twice  the  payload  of  the  current  cargo  carrier,  the  M483,  with  an  overall  weight 
increase  of  only  17  lb  (the  M483  weighs  103  lb).  The  projectile  is  greater  than 
twice  the  length  of  the  M483  and  consists  of  fore  and  aft  subassemblies.  These 
sections  are  assembled  just  prior  to  firing  by  means  of  a  novel  snap  joint.  It  is 
stabilized  by  a  set  of  six  deployable  fins  and  a  slip  obturator  prevents  in-bore 
rotation.  HICAP's  two  warheads  consist  of  a  polymer  composite  material  shell 
that  carries  a  payload  of  grenades.  The  forward  warhead  dispenses  the  grenades 
by  pressurizing  and  bursting  the  warhead  and  disseminating  the  grenades 
radially.  The  aft  warhead  dispenses  grenades  through  the  base  by  initiating  an 
ejection  charge  at  the  front  of  the  aft  shell  and  pushing  them  through  the  base, 
shearing  the  connection.  Directional  strength  is  an  advantage  of  composite 
materials,  in  addition  to  the  significant  weight  savings.  It  is  strong  in 
longitudinal  compression  to  resist  launch  forces,  yet  can  be  tailored  to  have  the 
desired  hoop  strength,  allowing  the  forward  shell  to  burst  at  a  design  pressure  of 
2,500  psi  (17.5  MPa).  This  technique  was  demonstrated  under  the  program  in 
1996.  The  technology  was  transferred  to  the  Best  Buy  program  at  NSWC-DD  in 
1998  rmder  a  Memorandum  of  Agreement  (MO A). 
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Figure  1.  High  capacity  artillery  projectile  (HICAP). 

The  Best  Buy  projectile's  diameter  is  1  in  smaller  than  HICAP  and  carries 
modified  U.S.  Army  M-80  dual  purpose  improved  conventional  munition 
(DPICM)  grenades.  There  are  13  layers  of  11  grenades  arranged,  as  shown  in 
Figure  2.  The  interstitial  spaces  provide  room  for  the  burster  charges,  which  are 
made  of  a  slow  burning  propellant  initiated  by  a  proximity  fuze.  The  gradual 
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Composite  Shell  Generator 


Figure  2.  Grenade  layout. 

increase  in  pressure  (rise  time  of  40-50  ms)  evenly  pressurizes  tiie  shell  until  it 
bursts,  dispensing  the  grenades  without  damaging  them.  Bursting  is  designed  to 
occur  at  2,000  psi  (13.8  MPa),  when  the  projectile  is  approximately  3,300  ft 
(1,065  m)  above  target  area.  The  grenades  are  designed  to  fragment  when  they 
strike  the  grotmd  or  fire  a  shaped  charge  penetrator  jet  upon  impact  with  hard 
targets  such  as  armored  vehicles. 


2.  Methodology 


Two  pretests  were  performed  to  establish  the  optimal  biurst  pressure  and  amoxmt 
of  propellant.  Considering  the  cost  of  an  actual  polymer  composite  case,  a  steel 
case  of  equal  strengtii  was  used.  The  first  of  these  two  tests  dispensed  11  Lexan 
bars  that  ran  the  full  length  of  tiie  shell.  These  bars  simulated  the  volume  taken 
up  by  the  grenades.  This  provides  a  close  approximation  to  the  void  space  that 
would  be  pressurized  by  the  propellant  to  aid  in  verifying  the  charge  mass.  A 
smokeless  black  powder,  Pyrodex,  was  utilized  as  the  energetic  material  and  was 
initiated  remotely  by  det  cord.  The  assembly  was  placed  in  a  tent  made  of 
Kevlar  blankets.  The  expected  maximum  grenade  ejection  velocity  was  between 
100  and  200  ft/  s  (32  and  64  m/ s).  These  blankets  had  been  previously  tested  to 
resist  penetration  by  a  grenade  traveling  at  up  to  400  ft/s  (130  m/s).  The  tent 
was  constructed  inside  an  armored  containment  vessel.  The  test  setup  is  shown 
in  Figure  3.  A  witness  board  can  be  seen  in  back  of  the  tent  with  increasing 
diameter  rings.  These  rings  aid  in  measuring  ejection  velocity  of  the  grenades  by 
high-speed  video  with  a  capture  rate  of  1000  frames/s.  The  test  shell  was  packed 
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Figure  3.  Kevlar  tent  inside  containment  vessel. 

with  the  payload  and  charge  (Figure  4)  and  then  placed  between  two  armor 
plates  that  are  bolted  together  by  steel  rods  (Figure  5).  This  prevents  any 
grenade  expulsion  out  of  either  end.  In  an  actual  Best  Buy  warhead,  one  end 
would  connect  to  the  ogive  and  the  other  to  the  spent  rocket  assist  section. 

Both  of  those  assemblies  have  sufficient  inertia  to  resist  grenades  from  expelling 
axially.  For  this  test,  a  single  burster  charge  was  used,  as  opposed  to  the  two  in 
the  tactical  configuration  shown  in  Figure  2.  The  test  warhead  is  then  hoisted 
into  place  and  centered  axially  in  front  of  the  witness  board,  as  shown  in 
Figure  6.  The  grenade  velocity  is  measured  by  tracking  the  grenades'  trajectory 
on  the  high-speed  video.  Those  grenades  that  hit  the  steel  support  bars  are  not 
tracked.  The  burst  pressure  is  measured  by  a  transducer  mounted  in  one  of  the 
plates  over  the  cylinder.  Two  video  views  are  recorded.  The  first  is  a  view  of  the 
entire  witness  board  and  the  other  is  a  close-in  view,  capturing  the  first  four 
rings.  The  digital  video  is  processed  into  audio  visual  information  files  for 
viewing  on  a  personal  computer,  where  each  frame  can  be  examined  to  obtain 
accurate  expulsion  velocities. 

The  second  test  was  performed  similarly  to  the  first,  except  that  inert  M80 
grenades  were  used  as  the  payload.  Most  of  the  test  hardware  was  reusable. 
The  test  warhead  is  shown  in  Figure  7.  The  third  test  was  conducted  using  a 
polymer  composite  shell  nearly  identical  to  the  one  that  will  be  used  on  an  actual 
projectile  (Figure  8).  A  total  of  143  inert  M80  grenades  were  placed  inside.  It  is 
fabricated  using  a  Hercules  IM7/8551  fiber-resin  system.  It  is  0.080  in  (2  mm) 
thick  and  is  able  to  withstand  150,000  lb  (68  kN)  of  axial  force — more  than  is 
applied  by  a  20-lb  ogive  during  a  7,000-g  launch.  Figure  8  shows  the  composite 
shell  with  grenades  loaded. 
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Figure  7.  Test  warhead  packed  with  inert  M-80  grenades. 
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Figure  8.  Actual  composite  warhead  shell  with  inert  M-80  grenades. 


3.  Test  Results 


Pressure  records  indicate  that  the  burst  pressure  of  the  first  case  with  the  Lexan 
rods  as  grenade  simulators  was  1,850  psi  (12.7  Mpa),  slightly  lower  than  the 
design  burst  pressure  of  2,000  psi  (13.8  MPa).  The  shell  fractured  along  one  side 
and  dispensed  the  Lexan  rods.  No  modification  of  the  charge  mass  was 
necessary  for  the  second  test.  The  remains  of  the  shell  can  be  seen  in  Figure  9, 
where  the  steel  shell  has  wrapped  itself  around  one  of  the  support  posts.  This 
was  expected. 

The  second  pretest  was  performed  with  grenades  in  place  of  the  Lexan  rods.  The 
pressure  was  significantly  lower  at  approximately  1,000  psi  (6.9  MPa).  Grenade 
velocity  was  determined  to  be  approximately  75-104  f/s  (24-34  m/s). 

The  actual  test  of  the  composite  warhead  with  grenades  was  then  performed 
with  the  same  charge  level.  As  in  the  second  pretest,  the  burst  pressure  was 
lower  than  expected.  In  both  cases,  it  is  theorized  that  the  internal  pressure  first 
presses  on  the  grenades;  then,  the  grenades  produce  a  point  load  on  the  shell 
wall  as  opposed  to  an  even  pressurization,  fracturing  it  early.  However,  grenade 
velocity  is  within  an  acceptable  range  of  75-104  f/s  (26-34  m/s).  Figure  10 
shows  a  sequence  of  two  video  frames  of  grenade  expulsion  at  22  and  24  ms. 
Figure  11  is  a  photograph  of  the  largest  remaining  portion  of  the  burst  shell.  This 
is  very  similar  to  shell  remnants  foimd  with  burst  tests  of  the  HICAP  projectile. 
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Figure  9.  Simulated  warhead  case  after  expulsion. 


4.  Discussion 


The  Lexan  rods  in  the  first  of  the  three  tests  allow  a  general  pressurization  of  the 
shell  since  they  are  made  of  a  lower  stiffness  material  than  the  steel  body 
grenades  and  do  not  produce  a  point  load  on  the  shell.  It  was  not  possible,  nor 
valuable  to  measure  the  velocity  of  the  expelling  Lexan  rods,  as  they  only 
simulated  volume  occupancy  and  not  expelling  mass.  In  the  following  tests,  the 
grenades  that  expelled  and  contacted  the  steel  rods  were  of  no  value  in  the 
experiment.  The  grenades  that  had  a  clean  expulsion  and  could  be  seen  clearly  in 
the  videos  were  the  ones  used  to  determine  velocity  and  are  listed  in  Table  1. 
Once  the  expel  velocity  is  established,  an  optimal  height  of  burst  can  be 
determined  to  produce  an  effective  pattern  and  density  on  the  ground.  The  only 
firm  requirement  is  that  the  grenades  have  sufficient  time  to  self-orient 
downward  in  descent  for  am  upright  landing,  approximately  500  ft  (161  m). 

These  tests  are  being  performed  at  Yuma  Proving  Groimd  before  stadia  tests  to 
establish  acceptable  expulsion  and  determine  the  optimal  height  of  burst.  One 
further  ground  test  will  be  performed  with  an  actual  warhead,  without 
constraints  of  plates  and  rods,  to  ensure  that  the  tactical  end  caps  will  be  of 
sufficient  strength  to  ensure  radial  expulsion,  just  as  the  laboratory  end  caps  did. 
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Frame  at  22  ms. 


Frame  at  24  ms. 


Figure  10.  Two  consecutive  video  frames  of  grenade  expulsion  at  times  of  22  and  24  ms. 

Lettered  grenades  used  to  estimate  expulsion  velocity  based  on  their  travel 
from  their  position  in  the  previous  frame. 


Figure  11.  Section  of  composite  case  after  expulsion. 


Table  1.  Expel  velocities  of  grenades  in  Figure  10. 


Grenade 

Velocity 
ft/s  (m/s) 

A 

75  (24) 

B 

75  (24) 

C 

83  (27) 

D 

82  (27) 

E 

104  (34) 

Intentionally  left  blank. 


NO.  OF 

COPIES  ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


2  DEFENSE  TECHNICAL 
INFORMATION  CENTER 
DTIC  OCA 

8725  JOHN  J  KINGMAN  RD 
STE0944 

FT  BELVOIR  VA  22060-6218 

1  HQDA 

DAMOFDT 

400  ARMY  PENTAGON 

WASHINGTON  DC  20310-0460 

1  OSD 

OUSD(A&T)/ODDR&E(R) 

DRRJTREW 

3800  DEFENSE  PENTAGON 
WASHINGTON  DC  20301-3800 

1  COMMANDING  GENERAL 
US  ARMY  MATERIEL  CMD 
AMCRDATF 
5001  EISENHOWER  AVE 
ALEXANDRIA  VA  22333-0001 

1  INST  FOR  ADVNCD  TCHNLGY 

THE  UNIV  OF  TEXAS  AT  AUSTIN 
3925  W  BRAKER  LN  STE  400 
AUSTIN  TX  78759-5316 

1  DARPA 

SPECIAL  PROJECTS  OFFICE 
J  CARLINI 
3701 N  FAIRFAX  DR 
ARLINGTON  VA  22203-1714 

1  US  MILITARY  ACADEMY 

MATH  Sa  CTR  EXCELLENCE 

M  ADN  MATH 

MAJ  HUBER 

THAYER  HALL 

WEST  POINT  NY  10996-1786 

1  DIRECTOR 

US  ARMY  RESEARCH  LAB 

AMSRLD 

DR  D  SMITH 

2800  POWDER  MILL  RD 

ADELPHI MD  20783-1197 


1  DIRECTOR 

US  ARMY  RESEARCH  LAB 
AMSRL  Cl  AIR 
2800  POWDER  MILL  RD 
ADELPHI  MD  20783-1197 

3  DIRECTOR 

US  ARMY  RESEARCH  LAB 
AMSRL  Cl  LL 
2800  POWDER  MILL  RD 
ADELPHI  MD  20783-1197 

3  DIRECTOR 

US  ARMY  RESEARCH  LAB 
AMSRL  Cl  1ST 
2800  POWDER  MILL  RD 
ADELPHI  MD  20783-1197 


ABERDEEN  PROVING  GROUND 

2  DIRUSARL 

AMSRL  Cl  LP  (BLDG  305) 


11 


NO.  OF 

COPIES  ORGANIZATION 

1  DIRECTOR 

US  ARMY  RESEARCH  LAB 
AMSRLCPCA 
D  SNIDER 

2800  POWDER  MILL  RD 
ADELPHI MD  20783-1145 

1  DIRECTOR 

US  ARMY  RESEARCH  LAB 
AMSRLOPSDTA 
2800  POWDER  MILL  RD 
ADELPHI  MD  20783-1145 

3  DIRECTOR 

US  ARMY  RESEARCH  LAB 
AMSRLOPSDTL 
2800  POWDER  MILL  RD 
ADELPHI  MD  20783-1145 

1  DIRECTOR 

US  ARMY  RESEARCH  LAB 
AMSRLCIIST 
2800  POWDER  MILL  RD 
ADELPHI  MD  20783-1145 

1  DIRECTOR 
DAOASARDA 
SARD  SO 

103  ARMY  PENTAGON 
WASHINGTON  DC  20310-0103 

1  DPTY  ASST  SECY  FOR  R&T 

SARDTT 
THE  PENTAGON 
RM  3EA79 

WASHINGTON  DC  20301-7100 

1  COMMANDER 

US  ARMY  MATERIEL  CMD 
AMXMIINT 

5001  EISENHOWER  AVE 
ALEXANDRIA  VA  22333-0001 

4  COMMANDER 
USARMYARDEC 
AMSTAARCC 

G  PAYNE 
JGEHBAUER 
CBAULIEU 
HOPAT 

PICATINNY  ARSENAL  NJ 
07806-5000 


NO.  OF 

COPIES  ORGANIZATION 

2  COMMANDER 
USARMYARDEC 
AMSTA  AR  AE  WW 
E  BAKER 
J  PEARSON 

PICATINNY  ARSENAL  NJ 
07806-5000 

1  COMMANDER 
USARMYARDEC 
AMSTA  ARTD 
CSPINELLI 

PICATINNY  ARSENAL  NJ 
07806-5000 

1  COMMANDER 
USARMYARDEC 
AMSTA  ARFSE 
PICATINNY  ARSENAL  NJ 
07806-5000 

6  COMMANDER 
US  ARMY  ARDEC 
AMSTAARCCHA 
W  ANDREWS 
SMUSALLI 
RCARR 
M  LUCIANO 
ELOGSDEN 
TLOUZEIRO 
PICATINNY  ARSENAL  NJ 
07806-5000 

1  COMMANDER 
US  ARMY  ARDEC 
AMSTA  ARCCHP 
JLUTZ 

PICATINNY  ARSENAL  NJ 
07806-5000 

1  COMMANDER 
USARMYARDEC 
AMSTA  ARFSFT 
CLIVECCHIA 
PICATINNY  ARSENAL  NJ 
07806-5000 

1  COMMANDER 
USARMYARDEC 
AMSTA  ASF 

PICATINNY  ARSENAL  NJ 
07806-5000 


12 


NO.  OF 

COPIES  ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


1  COMMANDER 
US  ARMY  ARDEC 
AMSTA  ARQACTC 
C  PATEL 

PICATINNY  ARSENAL  NJ 
07806-5000 

1  COMMANDER 
US  ARMY  ARDEC 
AMSTA  ARM 
DDEMELLA 

PICATINNY  ARSENAL  NJ 
07806-5000 

3  COMMANDER 
US  ARMY  ARDEC 
AMSTA  ARFSA 
AWARNASH 
BMACHAK 
MCHIEFA 

PICATINNY  ARSENAL  NJ 
07806-5000 

2  COMMANDER 
US  ARMY  ARDEC 
AMSTA  ARFSPG 
MSCMKSNIS 
DCARLUCCI 
PICATINNY  ARSENAL  NJ 
07806-5000 

1  COMMANDER 
US  ARMY  ARDEC 
AMSTAARFSPA 
PKISATSKY 

PICATINNY  ARSENAL  NJ 
07806-5000 

2  COMMANDER 
US  ARMY  ARDEC 
AMSTA  AR  CCHC 
HCHANIN 

S  CHICO 

PICATINNY  ARSENAL  NJ 
07806-5000 

1  COMMANDER 
US  ARMY  ARDEC 
AMSTA  ARQ  ACT 
DRIGOGLIOSO 
PICATINNY  ARSENAL  NJ 
07806-5000 


1  COMMANDER 
US  ARMY  ARDEC 
AMSTA  AR  WET 
TSACHAR 
BLDG  172 

PICATINNY  ARSENAL  NJ 
07806-5000 

9  COMMANDER 
US  ARMY  ARDEC 
AMSTA  ARCCHB 
PDONADIA 
F  DONLON 
P  VALENTI 
C  KNUTSON 
GEUSTICE 
S  PATEL 
GWAGNECZ 
RSAYER 
F  CHANG 

PICATINNY  ARSENAL  NJ 
07806-5000 

6  COMMANDER 
US  ARMY  ARDEC 
AMSTA  ARCCL 
FPUZYCKI 
R  MCHUGH 
D  CONWAY 
EJAROSZEWSKI 
RSCHLENNER 
M  CLUNE 

PICATINNY  ARSENAL  NJ 
07806-5000 

5  PM  SAD ARM 

SFAEGCSSSD 
COLB  ELLIS 
M  DEVINE 
W  DEM  ASSI 
J  PRITCHARD 
S  HROWN  AK 
PICATINNY  ARSENAL  NJ 
07806-5000 

1  US  ARMY  ARDEC 

INTELLIGENCE  SPECIALIST 
AMSTA  ARWELF 
MGUERRIERE 
PICATINNY  ARSENAL  NJ 
07806-5000 


NO.  OF  NO.  OF 

COPIES  ORGANIZATION  COPIES 


2  PEO  FIELD  ARTILLERY  SYS  3 

SFAEFASPM 
H  GOLDMAN 
TMCWILUAMS 
PICATINNY  ARSENAL  NJ 
07806-5000 

12  PM  TMAS 

SFAEGSSCTMA 

R  MORRIS  1 

CKIMKER 

D  GUZIEWICZ 

EKOPACZ 

RROESER 

R  DARCY 

R  KOWALSKI 

RMCDANOLDS  1 

LDULISSE 
C  ROLLER 
J  MCGREEN 
B  PATTER 

PICATINNY  ARSENAL  NJ 
07806-5000 

1 

1  COMMANDER 
USARMYARDEC 
AMSTAARWEA 
J BRESCIA 

PICATINNY  ARSENAL  NJ 
07806-5000 

1  COMMANDER  2 

USARMYARDEC 
PRODUCTION  BASE 
MODERN  ACTY 
AMSMCPBMK 
PICATINNY  ARSENAL  NJ 
07806-5000 

1  COMMANDER 
USARMYTACOM 

PM  ABRAMS  1 

SFAE  ASM  AB 

6501  ELEVEN  MILE  RD 

WARREN  MI  48397-5000 

1  COMMANDER 

USARMYTACOM 

AMSTASF 

WARREN  MI  48397-5000 


ORGANIZATION 

COMMANDER 

USARMYTACOM 

PM  TACTICAL  VEHICLES 

SFAETVL 

SFAETVM 

SFAETVH 

6501  ELEVEN  MILE  RD 
WARREN  MI  48397-5000 

COMMANDER 

USARMYTACOM 

PMBFVS 

SFAE  ASM  BV 

6501  ELEVEN  MILE  RD 

WARREN  MI  48397-5000 

COMMANDER 

USARMYTACOM 

PMAFAS 

SFAE  ASM  AF 

6501  ELEVEN  MILE  RD 

WARREN  MI  48397-5000 

COMMANDER 
USARMYTACOM 
PM  RDT&E 
SFAEGCSSWAB 
J  GODELL 

6501  ELEVEN  MILE  RD 
WARREN  MI  48397-5000 

COMMANDER 
USARMYTACOM 
PMSURVSYS 
SFAE  ASM  SS 
TDEAN 

SFAEGCSSWGSIM 
D COCHRAN 
6501  ELEVEN  MILE  RD 
WARREN  MI  48397-5000 

USARMYCERL 

RLAMPO 

2902NEWMARKDR 
CHAMPAIGN  IL  61822 
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1 


1 


2 

3 


NO.  OF 

ORGANIZATION  COPIES 


COMMANDER  14 

USARMYTACOM 

PM  SURVIVABLE  SYSTEMS 

SFAEGCSSWGSIH 

MRYZYI 

6501  ELEVEN  MILE  RD 
WARREN  MI  48397-5000 

COMMANDER 

USARMYTACOM 

PMBFV 

SFAEGCSSWBV 
S  DAVIS 

6501  ELEVEN  MILE  RD 
WARREN  MI  48397-5000 

COMMANDER 

USARMYTACOM 

CHIEF  ABRAMS  TESTING 

SFAEGCSSWABQT 

TKRASKIEWICZ 

6501  ELEVEN  MILERD 

WARREN  MI  48397-5000  14 

COMMANDER 
WATERVLIET  ARSENAL 
SMCWVQAEQ 
B  VANINA 
BLDG  44 

WATERVLIET  NY  12189-4050 

TSM  ABRAMS 
ATZKTS 
SJABURG 
WMEINSHAUSEN 
FT  KNOX  KY  40121 

ARMOR  SCHOOL 
ATZKTD 
RBAUEN 
JBERG 

APOMEY  2 

FT  KNOX  KY  40121 


ORGANIZATION 

COMMANDER 
USARMYTACOM 
AMSTATRR 
R  MCCLELLAND 
D  THOMAS 
J  BENNETT 
D  HANSEN 
AMSTAJSK 
S  GOODMAN 
J  FLORENCE 
KIYER 

D  TEMPLETON 
A  SCHUMACHER 
AMSTATRD 
D  OSTBERG 
L  HINOJOSA 
BRAJU 
AMSTACSSF 
H  HUTCHINSON 
F  SCHWARZ 
WARREN  MI  48397-5000 

BENET  LABORATORIES 

AMSTAARCCB 

RFISCELLA 

MSOJA 

EKATHE 

MSCAVULO 

G  SPENCER 

P  WHEELER 

SKRUPSKI 

J  VASIL  AKIS 

G  FRIAR 

RHASENBEIN 

AMSTACCBR 

SSOPOK 

E  HYLAND 

D  CRAYON 

R  DILLON 

WATERVLIET  NY  12189-4050 

HQ  IOC  TANK 
AMMUNITION  TEAM 
AMSIOSMT 
R  CRAWFORD 
W  HARRIS 

ROCK  ISLAND  IL  61299-6000 


NO.  OF 

COPIES  ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


2  COMMANDER 
USARMYAMCOM 
AVIATION  APPLIED  TECH  DIR 
JSCHUCK 

FT  EUSTIS  VA  23604-5577 

1  DIRECTOR 

US  ARMY  AMCOM 
SFAEAVRAMTV 
D  CALDWELL 
BLDG  5300 

REDSTONE  ARSENAL  AL 
35898 

2  US  ARMY  CORPS  OF  ENGINEERS 
CERD  C 

TLIU 

CEWET 

TTAN 

20MASSAVENW 
WASHINGTON  DC  20314 

1  US  ARMY  COLD  REGIONS 
RSCH  &  ENGRNG  LAB 
PDUTTA 
72  LYME  RD 
HANOVER  NH  03755 

1  SYSTEM  MANAGER  ABRAMS 
ATZKTS 
LTCJHNUNN 
BLDG  1002  RM  no 
FT  KNOX  KY  40121 

1  USA  SBCCOM  PM  SOLDIER  SPT 
AMSSBPMRSSA 

J  CONNORS 
KANSAS  ST 

NATICK  MA  01760-5057 

2  USA  SBCCOM 
MATERIAL  SCIENCE  TEAM 
AMSSBRSS 

J  HERBERT 
M  SENNETT 
KANSAS  ST 

NATICK  MA  01760-5057 


2  OFC  OF  NAVAL  RESEARCH 
D  SIEGEL  CODE  351 
J KELLY 

800  N  QUINCY  ST 
ARUNGTON  VA  22217-5660 

1  NAVAL  SURFACE  WARFARE  CTR 

DAHLGREN  DIV  CODE  G06 
DAHLGRENVA  22448 

1  NAVAL  SURFACE  WARFARE  CTR 

TECH  LIBRARY  CODE  323 
17320  DAHLGREN  RD 
DAHLGRENVA  22448 

1  NAVAL  SURFACE  WARFARE  CTR 
CRANE  DIVISION 

M  JOHNSON  CODE  20H4 
LOUISVILLE  KY  40214-5245 

8  DIRECTOR 

US  ARMY  NATIONAL  GROUND 
INTELLIGENCE  CTR 
DLEITER 
M  HOLTUS 
M  WOLFE 
S  MINGLEDORF 
J  GASTON 

WGSTATTENBAUER 
R  WARNER 
J  CRIDER 

220  SEVENTH  ST  NE 
CHARLOTTESVILLE  VA  22091 

2  NAVAL  SURFACE  WARFARE  CTR 
USORATHIA 

C  WILLIAMS  CD  6551 
9500  MACARTHUR  BLVD 
WEST  BETHESDA  MD  20817 

2  COMMANDER 

NAVAL  SURFACE  WARFARE  CTR 
CARDEROCK  DIVISION 
R  PETERSON  CODE  2020 
M  CRTTCHFIELD  CODE  1730 
BETHESDA  MD  20084 
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NO.  OF 

COPIES  ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


8  USARMYSBCCOM 
SOLDIER  SYSTEMS  CENTER 
BALLISTICS  TEAM 
JWARD 

WZUKAS 
P  CUNNIFF 
JSONG 

MARINE  CORPS  TEAM 

JMACKIEWICZ 

BUS  AREA  ADVOCACY  TEAM 

W  HASKELL 

AMSSB  RCPSS 

WNYKVIST 

S  BEAUDOIN 

KANSAS  ST 

NATICK  MA  01760-5019 

9  US  ARMY  RESEARCH  OFC 
A  CROWSON 

J CHANDRA 
H  EVERETT 
J  PRATER 
R  SINGLETON 
G  ANDERSON 
D STEPP 
D  KISEROW 
J  CHANG 
PO  BOX  12211 

RESEARCH  TRIANGLE  PARK  NC 
27709-2211 

8  NAVAL  SURFACE  WARFARE  CTR 

J  FRANCIS  CODE  G30 
D  WILSON  CODE  G32 
R  D  COOPER  CODE  G32 
JFRAYSSECODE  G33 
EROWE  CODEG33 
T  DURAN  CODE  G33 
L  DE  SIMONE  CODE  G33 
R  HUBBARD  CODE  G33 
DAHLGREN  VA  22448 

1  NAVAL  SEA  SYSTEMS  CMD 

DLIESE 

2531  JEFFERSON  DAVIS  HWY 
ARLINGTON  VA  22242-5160 


2  NAVAL  SURFACE  WARFARE  CTR 

CARDEROCK  DIVISION 
R  CRANE  CODE  2802 
C  WILLIAMS  CODE  6553 
3A  LEGGETT  CIR 
BETHESDA  MD  20054-5000 

1  EXPEDITIONARY  WARFARE 

DIVN85 
FSHOUP 

2000  NAVY  PENTAGON 
WASHINGTON  DC  20350-2000 

1  AFRL  MLBC 

2941  P  ST  RM 136 

WRIGHT  PATTERSON  AFB  OH 

45433-7750 

1  AFRLMLSS 
R  THOMSON 
217912THSTRM122 
WRIGHT  PATTERSON  AFB  OH 
45433-7718 

2  AFRL 

F  ABRAMS 
J  BROWN 
BLDG  653 
2977PSTSTE6 

WRIGHT  PATTERSON  AFB  OH 
45433-7739 

1  WATERWAYS  EXPERIMENT 
D  SCOTT 

3909  HALLS  FERRY  RD  SC  C 
VICKSBURG  MS  39180 

5  DIRECTOR 
LLNL 

R  CHRISTENSEN 
SDETERESA 
FMAGNESS 
MHNGERMS313 
M  MURPHY  L  282 
PO  BOX  808 
LIVERMORE  CA  94550 


1  NAVAL  SURFACE  WARFARE  CTR 
M  LACY  CODE  B02 
17320  DAHLGREN  RD 
DAHLGREN  VA  22448 


AFRL  MLS  OL 
L  COULTER 
7278  4THST 
BLDG  100  BAY  D 
HILL  AFB  UT  84056-5205 
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NO.  OF 

COPIES  ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


1  OSD 

JOINT  CCD  TEST  FORCE 
OSDJCCD 
R  WILLIAMS 
3909  HALLS  FERRY  RD 
VICKSBURG  MS  29180-6199 

1  DEFENSE  NUCLEAR  AGENCY 
INNOVATIVE  CONCEPTS  DIV 
6801  TELEGRAPHED 
ALEXANDRIA  VA  22310-3398 

3  DARPA 

MVANFOSSEN 

SWAX 

L  CHRISTODOULOU 
3701  N  FAIRFAX  DR 
ARLINGTON  VA  22203-1714 

2  SERDP  PROGRAM  OFC 
PMP2 
CPELLERIN 

B  SMITH 

901  N  STUART  ST  STE  303 
ARLINGTON  VA  22203 

1  FAA 

MIL  HDBK 17  CHAIR 
LILCEWICZ 
1601  LIND  AVE  SW 
ANM 115N 
RESTON  VA  98055 

1  US  DEPT  OF  ENERGY 

OFC  OF  ENVIRONMENTAL 

MANAGEMENT 

PRITZCOVAN 

19901  GERMANTOWN  RD 

GERMANTOWN  MD  20874-1928 

1  DIRECTOR 
LLNL 

FADDESSIOMSB216 

PO  BOX  1633 

LOS  ALAMOS  NM  87545 

1  OAK  RIDGE  NATIONAL 
LABORATORY 
R  M  DAVIS 
PO  BOX  2008 

OAK  RIDGE  TN  37831-6195 


3  DIRECTOR 

SANDIA  NATIONAL  LABS 

APPLIED  MECHANICS  DEPT 

MS  9042 

JHANDROCK 

YRKAN 

JLAUFFER 

PO  BOX  969 

LIVERMORE  CA  94551-0969 

1  OAK  RIDGE  NATIONAL 
LABORATORY 
CEBERLEMS8048 
PO  BOX  2008 
OAK  RIDGE  TN  37831 

1  OAK  RIDGE  NATIONAL 
LABORATORY 
CD  WARREN  MS  8039 
PO  BOX  2008 
OAK  RIDGE  TN  37831 

5  NIST 

JDUNKERS 

M  VANLANDINGHAM  MS  8621 
J  CHIN  MS  8621 
J  MARTIN  MS  8621 
DDUTHINHMS8611 
100  BUREAU  DR 
GAITHERSBURG  MD  20899 

1  HYDROGEOLOGIC  INC 
SERDP  ESTCP  SPT  OFC 
S  WALSH 

1155  HERNDON  PKWY  STE  900 
HERNDON  VA  20170 

3  NASA  LANGLEY  RSCH  CTR 

AMSRLVS 
WELBERMS266 
F  BARTLETT  JR  MS  266 
G  FARLEY  MS  266 
HAMPTON  VA  23681-0001 

1  NASA  LANGLEY  RSCH  CTR 

T  GATES  MS  188E 
HAMPTON  VA  23661-3400 

1  FHWA 

E  MUNLEY 

6300  GEORGETOWN  PIKE 
MCLEAN  VA  22101 
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NO.  OF 

COPIES  ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


3  CYTEC  FIBERITE 
R  DUNNE 
DKOHLI 
RMAYHEW 
1300  REVOLUTION  ST 
HAVRE  DE  GRACE  MD  21078 

1  USDOT  FEDERAL  RAILRD 

M  FATEH  RDV  31 
WASHINGTON  DC  20590 

1  MARINE  CORPS 

INTLLGNC  ACTVTY 
D  KOSITZKE 

3300  RUSSELL  RD  STE  250 
QUANTICO  VA  22134-5011 

1  DIRECTOR 

NATIONAL  GRND  INTLLGNC  CTR 

lANGTMT 

220  SEVENTH  ST  NE 

CHARLOTTESVILLE  VA 

22902-5396 

1  SIOUX  MFG 
BKRIEL 
PO  BOX  400 

FT  TOTTEN  ND  58335 

2  3TEX  CORPORATION 
A  BOGDANOVICH 

J  SINGLETARY 
109  MACKENAN  DR 
CARY  NC  27511 

1  3M  CORPORATION 
JSKILDUM 

3M  CENTER  BLDG  60  IN  01 
ST  PAUL  MN  55144-1000 

1  DIRECTOR 

DEFENSE  INTLLGNC  AGNCY 
TA5 

KCRELLING 
WASHINGTON  DC  20310 

1  ADVANCED  GLASS  HBER  YARNS 
T  COLLINS 

281  SPRING  RUN  LANE  STE  A 
DOWNINGTON  PA  19335 


1  COMPOSITE  MATERIALS  INC 

DSHORTT 
19105  63  AVENE 
PO  BOX  25 

ARLINGTON  WA  98223 

1  JPS  GLASS 
L  CARTER 
PO  BOX  260 
SLATER  RD 
SLATER  SC  29683 

1  COMPOSITE  MATERIALS  INC 
R  HOLLAND 
11  JEWEL  CT 
ORINDA  CA  94563 

1  COMPOSITE  MATERIALS  INC 
C  RILEY 

14530  S  ANSON  AVE 
SANTA  FE  SPRINGS  C  A  90670 

2  SIMULA 

J  COLTMAN 
RHUYETT 
10016  S51ST  ST 
PHOENIX  AZ  85044 

2  PROTECTION  MATERIALS  INC 
M  MILLER 
F  CRILLEY 
14000  NW  58  CT 
MIAMI  LAKES  FL  33014 

2  FOSTER  MILLER 

MROYLANCE 
WZUKAS 
195  BEAR  HILL  RD 
WALTHAM  MA  02354-1196 

1  ROM  DEVELOPMENT  CORP 
ROMEARA 
136  SWINEBURNE  ROW 
BRICK  MARKET  PLACE 
NEWPORT  RI 02840 
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NO.  OF 

COPIES  ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


2  TEXTRON  SYSTEMS 
T  FOLTZ 
M  TREASURE 
1449  MIDDLESEX  ST 
LOWELL  MA  01851 

1  O  GARA  HESS  &  EISENHARDT 
M  GILLESPIE 
9113LESAINTDR 
FAIRFIELD  OH  45014 

2  MILLIKEN  RSCH  CORP 
HKUHN 

M  MACLEOD 
PO  BOX  1926 
SPARTANBURG  SC  29303 

1  CONNEAUGHT  INDUSTRIES  INC 
J  SANTOS 
PO  BOX  1425 
COVENTRY  RI 02816 

1  BATTELLE  NATICK  OPNS 

BHALPIN 

209  W  CENTRAL  ST  STE  302 
NATICK  MA  01760 

1  ARMTEC  DEFENSE  PRODUCTS 

SDYER 
85  901  AVE  53 
PO  BOX  848 
COACHELLA  CA  92236 

1  NATIONAL  COMPOSITE  CENTER 
T  CORDELL 

2000  COMPOSITE  DR 
KETTERING  OH  45420 

3  PACIHC  NORTHWEST  LAB 
M  SMITH 
GVANARSDALE 
RSHIPPELL 

PO  BOX  999 
RICHLAND  WA  99352 

2  AMOCO  PERFORMANCE 
PRODUCTS 
MMICHNOJR 
JBANISAUKAS 

4500  MCGINNIS  FERRY  RD 
ALPHARETTA  GA  30202-3944 


8  ALLIANTTECHSYSTEMSINC 
C  CANDLAND  MNll  2830 
CAAKHUSMNll  2830 
B  SEE  MNll  2439 
N  VLAHAKUS  MNll  2145 
R  DOHRN  MNll  2830 
SHAGLUND  MNll  2439 
M  HISSONG  MNll  2830 
D  KAMDAR  MNll  2830 
600  SECOND  ST  NE 
HOPKINS  MN  55343-8367 

1  SAIC 

M  PALMER 

1410  SPRING  HILL  RD  STE  400 
MSSH4  5 

MCLEAN  VA  22102 

1  SAIC 

G  CHRYSSOMALLIS 
3800  W  80TH  ST  STE  1090 
BLOOMINGTON  MN  55431 

1  AAI  CORPORATION 

TGSTASTNY 
PO  BOX  126 

HUNT  VALLEY  MD  21030-0126 

1  APPLIED  COMPOSITES 
WGRISCH 
333  NORTH  SIXTH  ST 
ST  CHARLES  IL  60174 

1  CUSTOM  ANALYTICAL 
ENG  SYS  INC 
A  ALEXANDER 
13000  TENSOR  LANE  NE 
FLINTSTONE  MD  21530 

3  ALLIANTTECHSYSTEMSINC 
J  CONDON 
ELYNAM 
J  GERHARD 
WVOl  16  STATE  RT  956 
PO  BOX  210 

ROCKET  CENTER  WV  26726-0210 

1  OFC  DEPUTY  UNDER  SEC  DEFNS 

J  THOMPSON 

1745  JEFFERSON  DAVIS  HWY 
CRYSTAL  SQ  4  STE  501 
ARUNGTON  VA  22202 
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NO.  OF 

COPIES  ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


1  PROJECTILE  TECHNOLOGY  INC 
515  GILES  ST 

HAVRE  DE  GRACE  MD  21078 

5  AEROJET  GEN  CORP 

D  PILL  ASCH 
T  COULTER 
C  FLYNN 
D  RUBAREZUL 
M  GREINER 

1100  WEST  HOLLYVALE  ST 
AZUSA  CA  91702-0296 

3  HEXCEL  INC 
RBOE 

PO  BOX  18748 

SALT  LAKE  CITY  UT  84118 

1  HERCULES  INC 
HERCULES  PLAZA 
WILMINGTON  DE  19894 

1  BRIGS  COMPANY 

JBACKOFEN 
2668  PETERBOROUGH  ST 
HERNDON  VA  22071-2443 

1  ZERNOW  TECHNICAL  SERVICES 

LZERNOW 

425  W  BONITA  AVE  STE  208 
SAN  DIMAS  CA  91773 

1  GENERAL  DYNAMICS  OTS 
L  WHITMORE 
10101  NINTH  ST  NORTH 
ST  PETERSBURG  FL  33702 

3  GENERAL  DYNAMICS  OTS 

FLINCHBAUGHDIV 
E  STEINER 
B  STEWART 
T  LYNCH 
PO  BOX  127 
RED  LION  PA  17356 

1  GKN  AEROSPACE 
D  OLDS 

15  STERLING  DR 
WALLINGFORD  CT  06492 


5  SIKORSKY  AIRCRAFT 

GJACARUSO 
TCARSTENSAN 
BKAY 

S  GARBO  MSS330A 
J  ADELMANN 
6900  MAIN  ST 
PO  BOX  9729 

STRATFORD  CT  06497-9729 

1  PRATT&WHTTNEY 
C  WATSON 
400  MAIN  ST  MS  114  37 
EAST  HARTFORD  CT  06108 

1  AEROSPACE  CORP 
G  HAWKINS  M4  945 

2350  E  EL  SEGUNDO  BLVD 
EL  SEGUNDO  CA  90245 

2  CYTEC  FIBERTTE 
MLIN 
WWEB 

1440  N  KRAEMER  BLVD 
ANAHEIM  CA  92806 

1  UDLP 

G  THOMAS 

PO  BOX  58123 

SANTA  CLARA  CA  95052 

2  UDLP 

R  BARRETT  MAIL  DROP  M53 
V  HORV ATICH  MAIL  DROP  M53 
328WBROKAWRD 
SANTA  CLARA  CA  95052-0359 

3  UDLP 

GROUND  SYSTEMS  DIVISION 
M  PEDRAZZI  MAIL  DROP  N09 
ALEE  MAIL  DROP  Nil 
M  MACLEAN  MAIL  DROP  N06 
1205  COLEMAN  AVE 
SANTA  CLARA  C A  95052 

4  UDLP 
RBRYNSVOLD 
PJANKE  MS  170 
4800  EAST  RIVER  RD 
MINNEAPOLIS  MN  55421-1498 
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NO.  OF 

COPIES  ORGANIZATION 

1  UDLP 

D  MARTIN 
PO  BOX  359 

SANTA  CLARA  CA  95052 

2  BOEING  DFNSE  &  SPACE  GP 
W  HAMMONDS  4X55 

J  RUSSELL  S  4X55 
PO  BOX  3707 
SEATTLE  WA  98124-2207 

2  BOEING  ROTORCRAFT 
PMINGURT 
P  HANDEL 
800  B  PUTNAM  BLVD 
WALLINGFORD  PA  19086 

1  BOEING 

DOUGLAS  PRODUCTS  DIV 
LJ  HART  SMITH 
3855  LAKEWOOD  BLVD 
D8000019 

LONG  BEACH  CA  90846-0001 

1  LOCKHEED  MARTIN 
SKUNK  WORKS 
D FORTNEY 
1011  LOCKHEED  WAY 
PALMDALE  CA  93599-2502 

1  LOCKHEED  MARTIN 
R  FIELDS 
1195  IRWIN  CT 
WINTER  SPRINGS  FL  32708 

1  MATERIALS  SCIENCES  CORE 

G  FLANAGAN 
500  OFC  CENTER  DR  STE  250 
FT  WASHINGTON  PA  19034 

1  NORTHRUP  GRUMMAN  CORP 
ELECTRONIC  SENSORS 
&  SYSTEMS  DIV 
ESCHOCHMSV16 
1745AW  NURSERY  RD 
LINTMCUM  MD  21090 

1  GDLS  DIVISION 
DBARTLE 
PO  BOX  1901 
WARREN  MI  48090 


NO.  OF 

COPIES  ORGANIZATION 

2  GDLS 
DREES 
M  PASIK 
PO  BOX  2074 
WARREN  MI  48090-2074 

1  GDLS 

MUSKEGON  OPERATIONS 
W  SOMMERS  JR 
76  GETTY  ST 
MUSKEGON  MI  49442 

1  GENERAL  DYNAMICS 
AMPHIBIOUS  SYS 
SURVIVABILITY  LEAD 
G  WALKER 

991 ANNAPOUSWAY 
WOODBRIDGE  VA  22191 

6  INST  FOR  ADVANCED 

TECH 
HFAIR 
IMCNAB 
P  SULLWAN 
S BLESS 
WREINECKE 
C  PERSAD 

3925  W  BRAKER  LN  STE  400 
AUSTIN  TX  78759-5316 

2  CIVIL  ENGR  RSCH  FOUNDATION 
PRESIDENT 

H  BERNSTEIN 
R  BELLE 

1015 15TH  ST  NW  STE  600 
WASHINGTON  DC  20005 

1  ARROW  TECH  ASSO 

1233  SHELBURNE  RD  STE  D8 
SOUTH  BURLINGTON  VT 
05403-7700 

1  REICHELBERGER 
CONSULTANT 
409  W  CATHERINE  ST 
BEL  AIR  MD  21014-3613 
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NO.  OF 

COPIES  ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


1  UCLA  MANE  DEPT  ENGR IV 
HTHAHN 

LOS  ANGELES  CA  90024-1597 

2  UNIV  OF  DAYTON 
RESEARCH  INST 
RYKIM 
AKROY 

300  COLLEGE  PARK  AVE 
DAYTON  OH  45469-0168 

1  UMASS  LOWELL 
PLASTICS  DEPT 
N  SCHOTT 
1  UNIVERSITY  AVE 
LOWELL  MA  01854 

1  IIT  RESEARCH  CENTER 
DROSE 
201  MILL  ST 
ROME  NY  13440-6916 

1  GA  TECH  RSCH  INST 
GA  INST  OF  TCHNLGY 
PFRIEDERICH 
ATLANTA  G  A  30392 

1  MICHIGAN  ST  UNIV 

MSMDEPT 
RAVERILL 
3515  EB 

EAST  LANSING  MI  48824-1226 

1  UNIV  OF  WYOMING 
D  ADAMS 

PO  BOX  3295 
LARAMIE  WY  82071 

2  PENN  STATE  UNIV 
RMCNITT 
CBAKIS 

212  EARTH  ENGR 
SCIENCES  BLDG 
UNIVERSITY  PARK  PA  16802 

1  PENN  STATE  UNIV 
RS  ENGEL 

245  HAMMOND  BLDG 
UNIVERSITY  PARK  PA  16801 


1  PURDUE  UNIV 

SCHOOL  OF  AERO  &  ASTRO 
CTSUN 

W  LAFAYETTE  IN  47907-1282 

1  STANFORD  UNIV 

DEPT  OF  AERONAUTICS 
&  AEROBALLISTICS 
STSAI 

DURANT  BLDG 
STANFORD  CA  94305 

1  UNIV  OF  MAIN 

ADVSTR&  COMP  LAB 
R  LOPEZ  ANIDO 
5793  AEWC  BLDG 
ORONO  ME  04469-5793 

1  JOHNS  HOPKINS  UNIV 

APPLIED  PHYSICS  LAB 
PWIENHOLD 
11100  JOHNS  HOPKINS  RD 
LAUREL  MD  20723-6099 

1  UNIV  OF  DAYTON 

JM  WHITNEY 
COLLEGE  PARK  AVE 
DAYTON  OH  45469-0240 

5  UNIV  OF  DELAWARE 

CTR  FOR  COMPOSITE  MTRLS 

J  GILLESPIE 

MSANTARE 

SYARLAGADDA 

SADVANI 

DHEIDER 

201  SPENCER  LABORATORY 
NEWARK  DE 19716 

1  DEPT  OF  MATERIALS 

SCIENCE  &  ENGINEERING 
UNIVERSITY  OF  ILLINOIS 
AT  URBANA  CHAMPAIGN 
J  ECONOMY 

1304  WEST  GREEN  ST  115B 
URBANA  IL  61801 


23 


NO.  OF 

COPIES  ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


1  NORTH  CAROLINA  STATE  UNIV 

CIVIL  ENGINEERING  DEPT 
W  RASDORF 
PO  BOX  7908 
RALEIGH  NC  27696-7908 

1  UNIV  OF  MARYLAND 

DEPT  OF  AEROSPACE  ENGNRNG 
AJVIZZINI 

COLLEGE  PARK  MD  20742 

3  UNIV  OF  TEXAS  AT  AUSTIN 
CTR  FOR  ELECTROMECHANICS 
J  PRICE 
A  WALLS 
JKITZMILLER 
10100  BURNET  RD 
AUSTIN  TX  78758-4497 

3  VA  POLYTECHNICAL 
INST  &  STATE  UNIV 
DEPTOFESM 
MWHYER 
KREIFSNIDER 
R  JONES 

BLACKSBURG  VA  24061-0219 

1  DREXEL  UNTV 
ASDWANG 
32ND  &  CHESTNUT  ST 
PHILADELPHIA  PA  19104 

1  SOUTHWEST  RSCH  INST 

ENGR  &  MAIL  SCIENCES  DIV 
JRIEGEL 

6220  CULEBRA  RD 
PO  DRAWER  28510 
SAN  ANTONIO  TX  78228-0510 


ABERDEEN  PROVING  GROUND 

1  US  ARMY  MATERIEL 

SYSTEMS  ANALYSIS  ACTIVITY 
P  DIETZ 

392  HOPKINS  RD 

AMXSYTD 

APG  MD  21005-5071 

1  DIRECTOR 

US  ARMY  RESEARCH  LAB 

AMSRLOPAPL 

APG  MD  21005-5066 


ABERDEEN  PROVING  GROUND  (CONTI 

91  DIR  USARL 
AMSRL  Cl 
AMSRL  Cl  H 
WSTUREK 
AMSRL  as 
A  MARK 
AMSRL  CS  ion 
M  ADAMSON 
AMSRL  SL  BA 
AMSRL  SL  BL 
DBELY 
R  HENRY 
AMSRL  SLBG 
AMSRL  SL  I 
AMSRL  WM 
J  SMITH 
AMSRL  WMB 
A  HORST 
AMSRL  WM  BA 
DLYON 
AMSRL  WM  BC 
PPLOSTINS 
JNEWILL 
S  WILKERSON 
A  ZIELINSKI 
AMSRL  WMBD 
BFORCH 
RFIFER 

RPESCE  RODRIGUEZ 
BRICE 

AMSRL  WM  BE 
CLEVERITT 
AMSRL  WM  BF 
JLACETERA 
AMSRL  WM  BR 
C  SHOEMAKER 
J  BORNSTEIN 
AMSRL  WMM 
DVIECHNICKI 
G  HAGNAUER 
J  MCCAULEY 
AMSRL  WM  MA 
LGHIORSE 
S  MCKNIGHT 
AMSRL  WM  MB 
BHNK 
J  BENDER 
T  BOGETTI 
RBOSSOLI 
L  BURTON 


24 


NO.  OF 

COPIES  ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


ABERDEEN  PROVING  GROUND  (CONT)  ABERDEEN  PROVING  GROUND  (CONT) 


KBOYD 
SCORNELISON 
PDEHMER 
R  DOOLEY 
WDRYSDALE 
G  GAZONAS 
SGHIORSE 
D  GRANVILLE 
D  HOPKINS 
CHOPPEL 
D  HENRY 
RKASTE 
M  KLUSEWITZ 
M  LEADORE 
RLIEB 
ERIGAS 
J  SANDS 
D  SPAGNUOLO 
W  SPURGEON 
JTZENG 
E  WETZEL 
A  FRYDMAN 
AMRSLWM  MC 
J  BEATTY 
ECHIN 

J  MONTGOMERY 
AWERECZCAK 
JLASALVIA 
J  WELLS 
AMSRLWM  MD 
WROY 
S  WALSH 
AMSRL  WM  T 
B  BURNS 
M  ZOLTOSKI 
AMSRL  WMTA 
WGILLICH 
TRAVEL 
JRUNYEON 
M  BURKINS 
E  HORW  ATH 
B GOOCH 
W  BRUCHEY 
M  NORMANDIA 


AMRSLWM  TB 
DKOOKER 
P  BAKER 
AMSRL  WMTC 
R  COATES 
AMSRLWM  TD 
A  DAS  GUPTA 
THADUCH 
TMOYNEHAN 
F  GREGORY 
MRAFTENBERG 
MBOTELER 
TWEERASOORIYA 
DDANDEKAR 
A  DIETRICH 
AMSRL  WMTE 
ANIILER 
J  POWELL 
AMSRL  SSSD 
H  WALLACE 
AMSRL  SSSEDS 
RREYZER 
R  ATKINSON 


25 


NO.  OF 

COPIES  ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


1  LTD 

R  MARTIN 
MERL 

TAMWORTHRD 
HERTFORD  SG13  7DG 
UK 

1  SMC  SCOTLAND 

PWLAY 
DERAROSYTH 
ROSYTH  ROYAL  DOCKYARD 
DUNFERMLINE  FIFE  KY 11 2XR 
UK 

1  CIVIL  AVIATION 
ADMINSTRATION 
TGOTTESMAN 
POBOX8 

BEN  GURION  INTERNE  AIRPORT 

LOD  70150 

ISRAEL 

1  AEROSPATIALE 
S  ANDRE 

ABTECCRTEMD132 
316  ROUTE  DE  BAYONNE 
TOULOUSE  31060 
FRANCE 

1  DRA  FORT  HALSTEAD 

PN  JONES 

SEVEN  OAKS  KENT  TN 147BP 
UK 

1  DEFENSE  RESEARCH  ESTAB 
VALCARTIER 
FLESAGE 

COURCELETTE  QUEBEC 

COAIRO 

CANADA 

1  SWISS  FEDERAL  ARMAMENTS 
WKS 
WLANZ 

ALLMENDSTRASSE  86 
3602  THUN 
SWITZERLAND 

1  DYNAMEC  RESEARCH  AB 
AKEPERSSON 
BOX  201 

SE 151  23  SODERTALJE 
SWEDEN 


1  ISRAEL  INST  OF 
TECHNOLOGY 
S  BODNER 

FACULTY  OF  MECHANICAL 

ENGR 

HAIFA  3200 

ISRAEL 

1  DSTO  AMRL 

WEAPONS  SYSTEMS  DIVISION 

NBURMANRLLWS 

SAUSBURY 

SOUTH  AUSTRALIA  5108 
AUSTRALIA 

1  ECOLE  ROYAL  MILITAIRE 
ECELENS 

AVE  DE  LA  RENAISSANCE  30 

1040BRUXELLE 

BELGIQUE 

1  DEF  RES  ESTABLISHMENT 
VALCARTIER 
A  DUPUIS 

2459  BOULEVARD  PIE  XI  NORTH 
VALCARTIER  QUEBEC 
CANADA 

PO  BOX  8800  COURCELETTE 
GOA  IRO  QUEBEC 
CANADA 

1  INSmUT  FRANCO  ALLEMAND 
DE  RECHERCHES  DE  SAINT 
LOUIS 

DE  M  GIRAUD 

5  RUE  DU  GENERAL 

CASSAGNOU 

BOHE  POSTALE  34 

F  68301  SAINT  LOUIS  CEDEX 

FRANCE 

1  ECOLE  POLYTECH 

JMANSON 
DMXLTC 

CH 1015  LAUSANNE 
SWITZERLAND 


26 


NO.  OF 

COPIES  ORGANIZATION 


1  TNOPRINSMAURTTS 
LABORATORY 

R IJSSELSTEIN 
LANGE  KLEIWEG 137 
POBOX45 
2280  AA  RIJSWIJK 
THE  NETHERLANDS 

2  FOA  NATL  DEFENSE  RESEARCH 
ESTAB 

DIR  DEPT  OF  WEAPONS  & 

PROTECTION 

BJANZON 

RHOLMLIN 

S 172  90  STOCKHOLM 

SWEDEN 

2  DEFENSE  TECH  &  PROC  AGENCY 
GROUND 
ICREWTHER 

GENERAL  HERZOG  HAUS 
3602  THUN 
SWITZERLAND 

1  MINISTRY  OF  DEFENCE 
RAFAEL 

ARMAMENT  DEVELOPMENT 
AUTH 

MMAYSELESS 
PO  BOX  2250 
HAIFA  31021 
ISRAEL 

1  TNO  DEFENSE  RESEARCH 
IHPASMAN 
POSTBUS  6006 
2600  J  A  DELFT 
THE  NETHERLANDS 

1  B  HIRSCH 

TACHKEMONYST6 
NETAMUA  42611 
ISRAEL 

1  DEUTSCHE  AEROSPACE  AG 
DYNAMICS  SYSTEMS 
MHELD 
PO  BOX  1340 

D  86523  SCHROBENHAUSEN 
GERMANY 


Intentionally  left  blank. 


Form  Approved 
OMB  No.  0704^0188 


REPORT  DOCUMENTATION  PAGE 

"pubnc^porting  burden  for  this  collection  of  information  is  estimated  to  averageThouT^r  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources, 
gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing  the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this 
collection  of  information,  including  suggestions  for  reducing  this  burden,  to  Washington  Headquarters  Services,  Directorate  for  information  Operations  and  Reports,  1215  Jefferson 
j>avisj-tii^tn^Yj^uite^t204j_Ai1ingtonj_yA^2202^4302j_andjojhe  Offi  of  Manage^nt  and  Budget.  Paperwork  Reduction  Proiect(0704-0188),  Washington  JC_20S03. 

2.  REPORT  DATE  3.  REPORT  TYPE  AND  DATES  COVERED 

August  2001  Final,  June  1997-December  2000 _ 


4.  TITLE  AND  SUBTITLE 

Burst  Test  of  the  Best  Buy  Warhead 

5.  FUNDING  NUMBERS 

62618AH80 

6.  AUTHOR(S) 

James  M.  Bender 

7.  PERFORMING  ORGANIZATION  NAME(S)  AND  ADDRESS(ES) 

8.  PERFORMING  ORGANIZATION 

U.S.  Army  Research  Laboratory 

REPORT  NUMBER 

ATTN:  AMSRL-WM-MB 

Aberdeen  Proving  Ground,  MD  21005-5069 

ARL-TR-2560 

9.  SPONSORING/MONITORING  AGENCY  NAMES(S)  AND  ADDRESS(ES) 

Naval  Surface  Warfare  Center 

Code  G30 

Dahlgren,  VA  22448 

10.SPONSORING/MONITORING 

AGENCY  REPORT  NUMBER 

11.  SUPPLEMENTARY  NOTES 

13.  ABSTRACT(Max/mf/m  200  words) 

The  Best  Buy  program  is  a  U.S.  Navy  development  effort  with  the  objective  of  gxm  launching  a  5-in  (127-mm) 
diameter,  rocket-assisted,  guided  projectile  to  a  range  of  100  nautical  miles  (184  km)  where  the  cargo  will  be  dispensed 
over  the  target  area.  It  is  fired  from  the  Mark  45  cannon  or  its  improved  variant.  The  cargo  consists  of  143  U.S.  Army 
M-80  grenades.  The  intended  target  set  is  identical  to  that  of  the  Army's  M483  and  M864  155-mm  projectiles.  The 
Best  Buy  projectile's  mission  is  to  replace  the  need  for  the  U.S.  Navy  to  emplace  U.S.  Marine  towed  artillery  assets 
ashore  in  an  an:5)hibious  assault.  The  minimum  requirements  for  the  Best  Buy  projectile  are  that  it  must  be  fired  from 
25  nautical  miles  (46  km)  offshore  to  reach  targets  inland  by  an  additional  25  nautical  miles.  In  anticipation  of  future 
range  requirements,  the  range  requirement  was  extended  to  63  nautical  miles  (116  km),  and  100  nautical  miles  (240  km) 
is  desired.  This  report  covers  Phase  1  of  the  warhead  development  program  performed  by  the  U.S.  Army  Research 
Laboratory  (ARL)  working  in  cooperation  with  the  Naval  Surface  Warfare  Center,  Dahlgren  Division  (NSWC-DD)  at 
Dahlgren,  VA. 


16.  PRICE  CODE 


standard  Form  298  (Rev.  2-89) 

Prescribed  by  ANSI  Std.  239-1 8  298-1 02 


20.  LIMITATION  OF  ABSTRACT 

UL 


14.  SUBJECT  TERMS 

warhead,  Best  Buy,  artillery,  M-80  grenades 

17.  SECURITY  CLASSIFICATION 

18.  SECURITY  CLASSIFICATION 

19.  SECURITY  CLASSIFICATION 

OF  REPORT 

OF  THIS  PAGE 

OF  ABSTRACT 

UNCLASSIFIED 

UNCLASSIFIED 

UNCLASSIFIED 

15.  NUMBER  OF  PAGES 

31 


12a.  DISTRIBUTION/AVAILABILITY  STATEMENT 

Approved  for  public  release;  distribution  is  unlimited. 


12b.  DISTRIBUTION  CODE 


1.  AGENCY  USE  ONLY  (Leave  blank) 


NSN  7540-01-280-5500 


29 


Intentionally  left  blank. 


USER  EVALUATION  SHEET/CHANGE  OF  ADDRESS 


This  Laboratory  undertakes  a  continuing  effort  to  improve  the  quality  of  the  reports  it  publishes.  Your  comments/ answers  to 
the  items/questions  below  will  aid  us  in  our  efforts. 

1 .  ARL  Report  Number/ Author  ARL-TR-2560  (Bender) _ Date  of  Report  August  2001 _ 

2.  Date  Report  Received _ _ _ 

3.  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related  project,  or  other  area  of  interest  for  which  die  report  will  be 

used.) _  ■ _ 


4.  Specifically,  how  is  the  report  being  used?  (hiformation  source,  design  data,  procedure,  source  of  ideas,  etc.) 


5.  Has  the  information  in  this  report  led  to  any  quantitative  savings  as  far  as  man-hours  or  dollars  saved,  operating  costs 
avoided,  or  efficiencies  achieved,  etc?  If  so,  please  elaborate. _ 


6.  General  Comments.  What  do  you  think  should  be  changed  to  improve  future  reports?  (Indicate  changes  to  organization, 
technical  content,  format,  etc.)^ _ _ _ 


Organization 

CURRENT  Name  E-mail  Name 

ADDRESS  _ 

Street  or  P.O.  Box  No. 

City,  State,  Zip  Code 

7.  If  indicating  a  Change  of  Address  or  Address  Correction,  please  provide  the  Current  or  Correct  address  above  and  the  Old  or 
Incorrect  address  below. 


Organization 


OLD  Name 

ADDRESS  _ 

Street  or  P.O.  Box  No. 


City,  State,  Zip  Code 


(Remove  this  sheet,  fold  as  indicated,  tape  closed,  and  mail.) 
(DO  NOT  STAPLE) 


DEPARTMENT  OFTHE  ARMY 


OFFICIAL  BUSINESS 


BUSINESS  REPLY  MAIL 

FIRST  CLASS  PERMIT  NO  0001,APG,MD 


POSTAGE  WILL  BE  PAID  BY  ADDRESSEE 


NO  POSTAGE 
NECESSARY 
IF  MAILED 
IN  THE 

UNITED  STATES 


DIRECTOR 

US  ARMY  RESEARCH  LABORATORY 
ATTN  AMSRL  WM  MB 

ABERDEEN  PROVING  GROUND  MD  21005-5069 


